Abstract. The liquid level accurate control of multiple water tanks system has become a research focus due to the nonlinear process and multiple variables. The experimental platform of multiple water tanks system is designed based on the network control systems-4000 (NCS4000) in order to study and implement the advanced PID control for this system. The mathematical model of the system is established. Finally the Lyapunov approach is used to design the PID controller for the multiple water tanks system. Therefore the experiments proved the effectively and accuracy of the PID control method for the liquid level control of platform.
Introduction
With the wide application of information and automation technology in the industry process domain, process control system plays an increasingly important role in the process industry. In process control, Level, temperature, pressure, flow are the four most popular parameters, among which, the liquid level control technology is highly significant in the process control system. Therefore advanced level control methods and strategies are sorely needed to ensure the safe, reasonable and effective production. In [1] , a tuning method was proposed to design the PID controller through the Lyapunov approach. In [2] , a new design method of the robust PID controller was proposed via a new interval polynomial robust stable criterion. In [3] , a sliding mode controller was designed for a water tank liquid level control system to realize the level position regular and tracking control. In [4] , a novel PID controller based on improved polyclonal selection algorithm and RBF network is put forward to realize the adaptive control of liquid level of a 2-container water tank system. In [5] , a novel intelligent design method for PID controller with optimal self-tuning parameters is proposed based on the modified Ant Colony System (ACS) algorithm.
In order to research the process control and the level control more effectively, a distributed control system (DCS), network control system-4000(NCS4000), is used to realize design and operation on the experimental platform system of coupled water tank. Control results indicate that the NCS4000 can control the main parameters of the experimental platform precisely. Consequently, this control system is practical, reliable and effective in the process control and level control and raises the precision of process control and level control .
NCS4000 Summarize
NCS4000 control system is a new distributed control system ,which is researched by Shen Yang Institute of Automation Chinese Academy of Sciences and Shen Yang Zhong ke bo micro automation technology Co., LTD, including the man-machine interface, control station, locale equipment, applies to medium and large industrial control environment. It provides process control, logic control and batch control function. It has be widely used in metallurgy, cement, coking, sewage treatment, petroleum, chemical industry, etc.
NCS4000 has the following characteristics: support medium and large-scale control system applied, the I/O connection capacity of the 16384 points; support FF, PROFIBUS DP, AS-I, HART domainbus standards and so on; support controller redundancy, network redundancy, I/O modules redundancy, power supply redundancy, etc redundancy method; support management, diagnosis and maintenance function of equipment; support distributed configuration, offline configuration, simulation, etc; support standard of IEC61131-3 programming; support standard of OPC; Integration of advanced process control technology, and provide industry solutions. NCS4000 consists of control station, workstations, locale devices and control network. There are 32 control stations at most in a NCS4000.The workstations consist of several industrial control computers, quantity of which is not strictly limited. Its structure is shown in Fig.1.   Fig. 1 . NCS4000 structure
Experiment Design of Coupled Water Tanks

Component of Level Control System
The control system is the multi-functional experimental platform, which is integrated of measuring liquid level, flow, temperature parameters and so on. It is composed of water tank, electric control unit, detection unit, execution unit, manual valve, pump and a few parts, etc. System structure is shown in Fig.2.   Fig. 2 . Experimental platform structure of coupled water tank (1) Water tank mainly includes three single water tanks, one sink and some water pipes connected with water tank and sink. (2) Electric control unit is the core part of the platform, including PLC, analog input/output module (AI/AO), digital input/output module (DI/DO), bus module, counter module, power modules, relay protection devices, etc. (3) The detection unit is consisted of the pressure sensor and the temperature sensor in the bottom of the each water tank, and the flow sensor in the pipeline. Then tested data will be transmitted to the electrical control unit through the fieldbus, as the feedback of the closed-loop system. (4) Execution units are two electromagnetic regulators whose jawopening are controlled, their function is to control jawopening of the fluid flow between water tank and sink to the flow of fluid, and executive signal is issued by PLC with the D/A converter. (5) Manual valve's main function is to control the flow between water tank and water tank manually, and realize the transformation between the one order system and the orders system. (6) Pumps mainly provide power for water cycle between water tank and sink.
Establishing the Mathematical Model for the System
Control system is the level control system of coupled water tank, through changing to the manual valve , one order or two orders system can be set up. However, in order to test the experimental platform performance in an even better fashion, two orders control system is selected to establish the system model. System structure diagram is shown in Fig.3 below.   Fig. 3 . Two orders system structure It assume that Qin is the quality of the water flowing into the tank in unit of time, the Q1, Q2 and Q12 is respectively the quality of the water flowing out each tank in unit of time, the R1, R2 and R3 is respectively the liquid resistance among the first water tank, the second water tank and the pipelines, the C1, C2 andC3 is respectively the cross sectional area of each tank. So, we should keep to the following material balance principle as for each tank.
According to the above relations and fluid mechanics knowledge, we can get:
(1) Then we can solve the transfer function G(s) of the system between the input Qin and output h1, and transform the equations (1) 
Each parameter in equation (2) is:
The mathematical model of the system can be obtained through the step response curve, and Fig.4 shows open-loop step response curve of the liquid level h1 and h2, when jawopening of valve 1 and valve 2 are respectively in 75% and 30%. Because the input signal u is given, and the output signal Y can be measured, then the mathematical model of the system can be calculate through system identification function ARX() of the MATLAB, equation (3) is get. 
Controller Design
For control system, a stable controller is very important, so we choose PID controller, which is widely used in various and large control domain. According to the performance indexes of the system and requirements of constraint conditions(Given value h1≤350mm，tr≤500s, ), and combined with Lyapunov method to determine the parameters, therefore, we can get: 
The Experimental Results
Using the above method in the experimental platform of coupled tanks, we may obtain the control curve following Fig 5 . 5 is shown that the controlled variable can achieve the given value quickly and steadily through using PID controller, and rise time is tr=410s, and system overshoot is σ%≤5% , they don't only all achieve index of system control, but also the system can recover the steady state quickly and steadily when added the disturbance of the valve changed.
Conclusion
The NCS-4000 not only operates simple, but also easy switch system orders. We establish the mathematical model of the liquid level control system for coupled water tanks, and Lyapunov approach are used to design PID controller for this liquid level system. It lays the good foundation for engineer to develop and propose complex control strategy, and meanwhile it provides a good teaching and research platform for students and teachers in university.
